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In 1932, 1933, and 1934 Yoshida5' 6, 7,8,9 announced the pro-
duction of liver-cell tumors in the white rat after prolonged feeding
with o-aminoazotoluene (2-amino-5-azotoluene). This compound
is dosely related to the azo dye, Scharlach R, and is structurally
unlike any of the carcinogenic hydrocarbons of the phenanthrene
series. Aside from structure, the compound has aroused consider-
able interest through its apparently selective action upon the liver.
Wolbach4 studied this and found necrosis followed by regeneration
of the liver cells. In 1937, Shear3 announced the production of
multiple tumors of the liver in pure-strain mice receiving the solid
dye subcutaneously. At the same time he reviewed the literature
of experimental work with the azo compounds, including the most
recent results of Yoshida and his associates. In 1937 also, Heep1
fed o-aminoazotoluene to a number of rats previously treated with
small doses of arsenic. These rats did not develop tumors. In
another series, not given arsenic, but fed on unpolished rice after
the manner of Yoshida, marked regenerative phenomena were
described in the liver. As the animals in the arsenic series had been
fed differently, Heep was unable to rule out a possible dietary
factor in the explanation of the results.
The purpose of the present experiment, begun in 1935, was the
confirmation of Yoshida's original work. This was repeated with
certain technical modifications, induding a balanced diet.
Materials and Methods
Forty-eight albino rats were used. These were stock animals;
24 males and 24 females in two weight groups, 50 to 75 gms., and
120 to 150 gms. The animals were kept in individual cages and
weights were taken weekly.
The substance used was an Eastman Organic Chemical desig-
nated as aminoazotoluene-ortho, c.p., with a melting point of
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1000 C. Its formula is C6H4 CH3.N = N.C6Hs.NH2.CHa(N:1,
CH3:,3,NH2:4). The crystals, grossly, arebrick-red, and by trans-
mitted light, yellow, leaf-like flakes.
Twelve animals served as controls, 36 being placed on the experi-
mental diet, which was prepared as follows: To 970 gms. of calf
meal containing Osborne and Mendel salt mixture was added 1 gm.
of o-aminoazotoluene dissolved in 29 gms. of warm cod-liver
oil. The cod-liver oil served as a convenient solvent as well as
making up vitamin A and D requirements. This addition resulted
in a meal mixture containing 3 per cent of cod-liver oil and 1 mgm.
of dye per gram. To this diet was added I gm. of wheat germ per
rat per week, 20 gms. of fresh lettuce per week, and in cases where
weight was not maintained, 5 gms. of high protein paste twice
weekly. The high protein food was resorted to only when it was
felt that the animal would succumb if left on the original diet, as
routine addition of this item reduced materially the intake of the
drug-bearing mixture. The controls were fed the same diet, pre-
pared and proportioned identically, except for the omission of the
dye substance. Record was kept of the amount eaten by each rat
as a means of checking dosage.
Course of Experinent
The course of the experiment is set forth in the accompanying
table. The study indudes animals dying or killed from the 17th
to the 473rd day of feeding. Twenty-two of the 36 rats on test
died of multiple abscesses of the lungs, from which a diphtheroid
organism was isolated. Bacteriological culture of the liver in these
cases was sterile. One control animal died of the same disease, and
both treated and control animals killed either during the experiment
or at its termination showed, in several instances, considerable lung
involvement.
The high incidence of intercurrent infections among the treated
animals was associated apparently with the toxicity of the assimilated
dye. The food intake was less than that of the control series; they
appeared poorly nourished, and tended to lose weight rapidly.
Results
Of the 36 treated animals 9, or 25 per cent, developed gross
liver tumors. Six others developed microscopic liver-cell adeno-
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TABULATED DATA
TREATED ANIMALS
No. Sex Day
1 F. 17
2 F 23
3 F 29
4 F 40
5 M 58
6 M 74
7 F 80
8 M 90
9 F 130
10 M 137
11 F 138
12 F 142
13 M 159
14 M 165
15 F 202
16 M 261
17 M 267
18 F 268
19 M 270
20 F 295
21 M 325
22 M 333
23 M 342
24 F 357
25 M 380
26 M 400
27 F 446
28 F 446
29 F 446
30 F 446
31 F 446
32 F 446
33 M 473
34 M 473
35 M 473
36 M 473
TotalDose Variationin
in Grams Weight, Grans
.174
.243
.214
.314
.354
.612
.500
.643
.859
.803
.647
1.079
.840
1.344
2.210
3.024
3.175
3.116
2.918
3.411
4.004
3.626
4.601
3.420
4.228
3.953
4.810
4.522
4.236
3.978
4.774
4.629
4.986
3.533
5.671
4.826
60-52
120-98-98
75-70-65
60-8-76
80-89-81
142-130140
120-110-108
124-130-110
120-139-103
130-122-132
59-96-89
114-131-100
74-94-80
130-160-150
140-160-120
50-310-205
134-200-120
92-135-120
120-242-235
136-170-146
60-338-238
140-205-150
126-287-246
90-103-100
57-260-184
60-237-194
134-150-164
90-170-166
157-174-197
140-170-154
110-153-150
120-128-141
48-250-285
159-307-178
124-246-180
138-270-170
CONTROL ANIMALS
1 M 60 .586 65-78-110 Killed None
2 M 112 .889 50-84-68 Infection None
3 F 143 f.362 130-170-202 Killed None
4 M 300 3.264 70-200-314 Killed None
5 F 446 5.126 64-135-215 Killed None
6 M 473 4.882 80-200-267 Killed None
7 F 473 4.763 120-140-224 Killed None
8 F 473 5.241 130-268-334 Killed None
9 M 473 5.368 126-270-315 Killed None
10 F 473 5.104 120-160-230 Killed None
11 M 473 4.889 60-120-167 Killed None
12 F 473 5.114 74137-172 Killed None
DR = Degeneration and regeneration.
MT = Microscopic tumor.
GT = Gross tumor.
Causeof
Death
Infection
Infection
Infection
Infection
Infection
Killed
Infection
Infection
Infection
Infection
Infection
Infection
Infection
Killed
Infection
Infection
Infection
Infection
Infection
Killed
Infection
Infection
Infection
Killed
Infection
Infection
Killed
Killed
Killed
Killed
Killed
Killed
Killed
Killed
Killed
Killed
Liver
Change
None
None
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR&MT
DR
DR
DR&MT
DR
DR
DR
DR&MT
DR&MT
DR&GT
DR&MT
DR&GT
DR&GT
DR
DR& MT
DR&GT
DR&GT
DR&GT
DR&GT
DR&GT
DR&GTYALE JOURNAL OF BIOLOGY AND MEDICINE
mata, making the total percentage of animals showing definite neo-
plastic reaction 41.7 per cent. The controls developed no liver
tumors. The first microscopic tumor appeared in a rat (No. 16)
autopsied after 261 days of feeding, whereas no gross tumor was
discovered until the 380th day. Of the 14 animals autopsied after
the 340th day 13 bore either microscopic or gross tumors, the one
exception being rat No. 29, which had a parasitic cyst in the liver, but
noneoplasticchange.
Microscopic tumors were produced in rat No. 19 by a total dose
of o-aminoazotoluene (calculated from the food intake) of 2.918
gms., whereas theleast amount ofdye coincident with the appearance
of a gross tumor, 3.533 gms., appeared in rat No. 34.
The livers of all the rats of the experimental series, from the
29th day on, showed, on gross examination, minute, irregular, grey
flecks scattered throughout all the lobes. Microscopically, these
lesions were found to be areas, chiefly mid-zonal, of focal necrosis
(Fig. 1), around which in the portal areas, the liver cells stained
deeply, were larger than usual, and contained large, oval, vesicular
nuclei. Mitotic figures were found infrequently. No connective
tissue increase could be detected. These changes became more
prominent as the series progressed.
Microscopic liver-cell adenomata appeared as solid, circular
masses of large, pale-staining liver cells in the periportal zones
(Fig. 2). Mitotic figures were observed. The liver cords sur-
roundingsuch masses were compressed and many ofthe cells showed
early necrotic changes.
The gross tumors presented themselves as multiple light-yellow
nodules projecting from the surface of the liver (Figs. 3 and 4).
Theyranged insize from a fewmillimeters to 2 to 3 cm. indiameter.
Areas of old and recent hemorrhage and of central softening were
numerous. In fourcases certain ofthenodules contained multilocu-
lar cysts from which a green-brown fluid, giving the various tests for
bile, could be aspirated. Microscopically the tumors were found
to be composed of hepatic cells arranged in irregular masses (Fig.
5). Larger than ordinary liver cells, the tumor cells were further
differentiated by their altered staining reaction and the character of
their nuclei. The latter were large vesicular ovals with centrally
placed nudeoli, from which delicate fibrils radiated to the nudear
membrane. Numerous eosinophilic granules were observed within
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the nudei. Mitoses were found frequendy in all the tumors (Fig.
6). Areas of hemorrhage, necrosis, and cyst formation were com-
mon. Biliary duct proliferation was also present. There was no
tendency towards fibrous walling off of any of the tumor masses.
No metastases were found in any of the lung preparations taken
routinely from tumor-bearing animals. Examination at autopsy
of the thyroid, stomach, intestines, spleen, urinary bladder, and
gonads revealed no gross coincidental tumors or metastases. Gross
and microscopic examination of the livers of all controls showed no
significant pathological change.
Discussion
The addition of an azo compound to the increasing list of known
pure carcinogenic substances draws attention once again to their
wide variation in type. Further, many compounds have been
shown to cause similar liver damage, but these have usually re-
sulted in fibrosis, not in new growth.2 This would seem to indicate
that the necrotizing action of the dye alone is insufficient to explain
its carcinogenic effect.
Conclusions
1. Additional confirmation of the work of Yoshida on the car-
cinogenetic action of o-aminoazotoluene is presented.
2. The production of multiple primary liver-cell tumors in the
white rat is preceded and accompanied by necrosis and regeneration
of the liver cells, as observed by Yoshida and Wolbach.
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FIG. 1. Rat No. 14-165 days:
Mid-zonal necrosis. (x 100)
FIGc.. 2. Rat No. 19-270 days:
Portion of microscopic adenoma
surrounding a small bile duct.
(x 215)
FIG. 3. Rat No. 25-380 days:
Gross tumor.
FIG. 4. Rat No. 36-473 days:
Gross tumor.
FIG. 5. Rat No. 35-473 days:
Cystic hepatoma. (x 100)
FIG. 6. Rat No. 35-473 days:
Cellular detail and mitoses.
(x 500)